We performed a dynamic downscaling using REGCM4 regional model driven by MPI global model for current (1990/2012) 
Introduction
After the agriculture sector, the industry particularly in the mining sector is what has contributed significantly to the Brazilian economy in recent years, so that Brazil has occupied the second position in exports of iron ore globally [1] . VALE is the main Brazilian company that exports iron ore to many countries (leading importer is China). In this context, the Carajás railroad-EFC (located between the states of Pará and Maranhão in eastern Brazilian Amazon) and also the Vitória-Minas railroad-EFVM (located between the states of Minas Gerais and Espírito Santo in southeastern Brazil) are extremely important for the VALE´s ore transporting operational activities.
From the point of view of weather and climate, such VALE operations may be impacted seasonally by different hydroclimatic conditions during the first and second half of the year, when are observed the maximum and minimum of the rainfall annual cycle in most regions of Brazil [2] [3] . In the first semester, the rainiest season of the year, there are episodes of intense rainfall of short duration (few hours), associated with severe weather systems, and long duration events (days to weeks) related to persistent climate patterns, which provoke generally the occurrence of floods in the rivers. On the other hand, in the second semester, driest period of the year, there are prolonged droughts (lack of rainfall) that commonly are associated with conditions of fires particularly in eastern Amazon. Such seasonal phenomena induce negative impacts on ore transport operations, since they can result in decreasing the speed of trains or even cause temporary outages, and are complicating factors in terms of the logistics required to perform the activities of both general operation and maintenance.
Nevertheless, in the context of discussions on global climate change, the IPCC-Intergovernmental Panel on Climate Change in its 5th report-AR5 [4] points out to significant changes in climate patterns across the Brazilian territory during next decades (mid to end of the century XXI). There is a consensus in the scientific community [5] that one of the most appropriate tools for generation of climate projections is the dynamic downscaling, whose technique consists in performing a regional model nested with a global model. Basically, the outputs of global model with lower spatial resolution (~200 km) are used as boundary conditions within the regional model that performs simulations in a higher spatial resolution (~20 -50 km). Several studies suggest that the downscaling provides a more realistic representation of the climate where local factors (proximity to the ocean, steep topography, soil and heterogeneous surface coverage, etc.) that in principle are captured by the regional models, serve as important modulators of weather/climate conditions, added to the large-scale factors (modulation of the oceans and atmospheric general circulation) that are captured by the global models [6] .
The focus of the present work is to conduct a dynamic downscaling using the version 4.3 of the Regional Climate Model (REGCM4) driven by Max Planck Institute (MPI) global model simulations used in IPCC AR5. Our objectives are: 1) to characterize seasonal rainfall patterns during the rainy and dry seasons in the EFC and EFVM regions, based on analysis of observational data and on global and regional climate simulations during the last 23 years , period considered as current climate; 2) to report some projections of changes in these seasonal rainfall regimes for the next 23 years (2014-2039), considered as near-future climate. Figure 1 illustrates the study area covering the regions of EFC and EFVM railroads. EFC extends from Carajás in southeast Pará to the Sao Luis in Maranhão coastal region in eastern Amazon. EFVM extends from the eastern Minas Gerais to the Espírito Santo coast, bordering the river Doce on regions with steep topography in southeastern Brazil.
Data, Methods and Climate Models
The observational data consist of monthly precipitation available on 0.5 horizontal resolution grid over Brazil from January 1990 to December 2012. These data were generated through the observational data analysis system from the Climate Prediction Center (CPC, NOAA, USA) and is based entirely on data registered by the meteorological stations [7] . Further details on quality control and technique of objective analysis and interpolation used in the CPC precipitation data can be found in [7] . Some studies demonstrated the existence of high consistency and correlation between the CPC data and those derived from conventional and satellite data [7] [8] .
We use the MPI simulations, a global coupled model performed by the Max Planck Institute for Meteorology [9] which is considered state of the art in numerical simulation of the global climate system. The MPI outputs were prepared for the Coupled Model Intercomparison Project phase 5-CMIP5 (http://cmip-pcmdi.llnl.gov/cmip5) to compose the IPCC AR5. In the present study MPI data refer to the future scenario RCP4.5 (Representative Concentration Pathways, [10] ) which is considered intermediate scenario in terms of global radiative forcing of approximately 4.5 W/m 2 (~650 ppm CO 2 equivalent) by the year 2100. Also we used the version 4.3 of the Regional Climate Model-REGCM4, whose source code is kept under constant improvement and updating by the International Centre for Theoretical Physics-ITCP (http://gforge.ictp.it/gf/project/regcm). The REGCM4 is the fourth generation of a regional climate model originally developed at NCAR [11] and later improved by ICTP [6] . REGCM4 is a community, limited area model in sigma-p vertical coordinate and Arakawa-B horizontal grid, with the primitive equations for compressible and hydrostatic fluid. Details on physical model, surface, radiative transfer and ocean fluxes schemes, and parameterization of convective and large scale precipitation are fully described in [12] . Here we use the REGCM4 configuration proposed by [13] and [14] that implemented changes in Grell convection scheme (time of convection trigger) and the BATS surface scheme (water content and soil hydraulic conductivity). Such modifications produced qualitatively and quantitatively better climate simulations than previous studies for the summer and winter patterns in southeastern Brazil [15] and for eastern Amazon rainy season [8] [16] . This regional model was installed on Vale Institute of Technology (ITV) using state-of-the-art in high-performance computer simulation using a Cluster with 196 processors. Regional simulations for this study were generated in an area centered in Amazon (4˚S -59˚W) using the normal Mercator projection with 192/96/18 points in the zonal/meridional/vertical directions, grid spacing of 50 km and a step time of 30 minutes. The model was initialized with the 6/6 hours boundary conditions from the MPI model during period 1990-2037.
The analysis procedures used in this study are described below. Definition of rainy and dry seasons: analyses were conducted for the seasonal periods (five consecutive months) when it is observed the highest (rainy season) and lowest (dry season) amount of rainfall throughout the year. For the EFC region the rainy season occurs from January to May, while the EFVM region is from October to February. The dry season in both the EFC and EFVM is coincident from June to October.
Climatological means: observational aspects of the seasonal rainfall regimes throughout the EFC and EFVM regions are based on the climatological average, i.e., the calculation of averages considering the time series from 1990 to 2012. This period comprises current climate conditions over the last 23 years. Projections of future climate: Firstly, we assessed the ability of the global and regional models to reproduce the observed rainfall patterns by calculating the relative bias, considering the current climate conditions. After, we present the future climate projections generated by the MPI and REGCM4 models for both the rainy and dry seasons as changes, i.e., the percentage difference between the future climate (2015/2037) and current climate (1990/2012) . If the result of this difference is a positive (negative) value, it means that the model indicates an increase (decrease) of precipitation in the future climate. Values near zero indicate neutrality or without significant changes. Nevertheless, it was decided to present the projections of changes taking into account the correction of the amount of simulated rainfall by the biases. For example, for a given location, a value of 10 mm for observed rainfall and 8 mm for simulated rainfall during current climate (1990/2012), we have bias −2 mm or −20%. In the simulation of future climate for a value of 7 mm, it follows that the difference [current climate − future climate simulations] = −1 mm, a decrease of −10%. However, considering that former bias of −20%, which we assume to be perpetuated in future simulations, then we have a corrected value of 5 mm for the simulated rainfall in the future climate, which represents a decrease −5 mm or −50%. This criterion of correctness of the change in the sign of precipitation, considering the model systematic error, was included in the results of future climate projections.
Results

The Current Climate (1990-2012)
The climatological characteristics of the rainfall regimes during the rainy and dry seasons along the EFC and EFVM regions, considering the current climate (1990-2012), are showed in Figures 2 and 3 , respectively. The analyses are emphasized for regions along these two railroads.
For the EFC region, during the rainy season (January to May), it is observed rainfall (Figure 2(a) , top left map) more intense between 9 and 11 mm in the northern portion of the railroad in northeastern Maranhão (from Santa Inês to São Luis) and rainfall relatively more weak between 5 and 7 mm in the central and southern part of the EFC in the southeast of Pará (Carajás to Marabá) and southwest of Maranhão (Açailândia to Buriticupu). The simulated rainfall by the global climate model MPI (Figure 2(a) , top middle map) shows values from 2 to 5 mm in the northern part and 5 to 8 mm in the central and southern part of the EFC. The results of the regional model REGCM4 (Figure 2(a) , top right map) show improvements in simulations of precipitation in the northern part with increased values to 6 -8 mm. On the other hand, during the dry regime (June to October), the observed rainfall presents minimum values between 0.5 and 1 mm in the central (near Açailândia) Maranhão, while the portions of the north (Vitória do Mearim to São Luis) and south (Carajás to Maraba ) have relatively higher values ranging between 1 and 2 mm (Figure 2(b) , bottom left map). MPI model indicates generalized values of 0.5 mm across entirely railroad (Figure 2(b) , bottom middle map) and REGCM4 model simulated a better rainfall regime with values between 1 and 1.5 mm along the EFC (Figure 2(b) , bottom right map).
For the EFVM region, during the rainy regime (October to February) the observations show rainfall with highest intensity, 5 to 7 mm, in the west part of railroad in Minas Gerais (between Itabira and Ipatinga ), while the east portion since Aimorés in Minas Gerais up to Vitória in Espírito Santo presents lower rainfall between 4 and 5 mm (Figure 3(a) , top left map). The precipitation simulated by the MPI (Figure 3(a) , top middle map) shows values between 5 and 6 mm throughout the region and the REGCM4 (Figure 3(a) , top right map) simulated values between 6 and 7 mm in the western portion compatible with the observed data, but in the eastern portion in the Espírito Santo the values between 6 to 7 mm indicate that the regional model overestimated the observed data. On the other hand, the spatial distribution of rainfall observed during the dry season (June to October) shows smaller values, 1 to 1.5 mm, in most of Minas Gerais, while in the Espírito Santo the rainfall is relatively higher between 2 and 3 mm (Figure 3(b) , bottom left map). The simulated rainfall by MPI model (Figure 3(b) , bottom middle map) exhibits values between 1 and 1.5 mm across the region, while REGCM4 model (Figure 3(b) , bottom right map) simulate very well the spatial pattern with smaller volumes over Minas Gerais (between 1 and 1.5 mm ) and higher volume in the Espírito Santo (between 1.5 and 2 mm).
Projections of Near-Future Climate (2015-2039)
The changes in the rainfall regime as projected by the MPI and REGCM4 for the next 23 years (2015/2037) are presented below. Such simulations of future climate are analyzed taking into account the errors (magnitude and sign of the biases) of each model, in order to correct the amount of simulated rainfall (see procedure described in Section 2) by the observations and thus the projections are percentage values relative to the 1990/2012 climate conditions. Again we mention that the results are emphasized for neighboring regions along the railroads.
For the rainy season of the EFC region in eastern Amazon, the MPI global model indicates no signal changes in the south portion (Carajás), increase of +10% to +30% in the central part, and high decrease of rainfall between −10% to −50% in north section (Vitória do Mearim to Sâo Luis) in Maranhão state (Figure 4(a) , top left map). Results obtained from REGCM4 regional model (Figure 4(a) , top right map) are partially in agreement with MPI in showing small areas with positive and negative values ranging 10% to 30% in central regions of railroad, however particularly for the north sector (São Luis in the Maranhão coast) REGCM4 points out no changes. On the other hand, for the dry season of the EFC region, both the MPI and REGCM4 models indicate the predominance of decreased precipitation along the railroad. MPI shows significant decrease of −90% in the extreme south and north portions and −70% to −90% in central sector of the EFC (Figure 4(b) , bottom left map). REGCM4 suggests relatively lower values with −50% to −70% in south and north sectors, and −10% to −30% in the central sector of the EFC (Figure 4(b) , bottom right map).
In the future climate projections for the rainy season of the EFVM in southeastern Brazil, both the models exhibits increase of rainfall along most of railroad with values projected by the MPI (Figure 5(a) , top left map) oscillating between +10% to +50% and values simulated by the REGCM4 (Figure 5(a) , top right map) much more intense ranging +50% to +90%. On the other hand, the results obtained for the rainfall regime during the dry season are inverses, so that MPI (Figure 5(b) , bottom left map) shows reduced rainfall of about −10% to −30% in central to east portions, while REGCM4 ( Figure 5(b) , bottom left map) presents intensified rain of +10% to +30% in the central to west part of the EFVM.
Discussion and Concluding Remarks
We performed a dynamic downscaling using REGCM4 regional model driven by MPI global model for current The analysis of observational data for the current climate indicated the existence of pronounced spatial variations in rainfall regime across regions of the EFC and EFV during both the rainy and dry seasons. These results are consistent with observational analysis that used stations and satellite data [3] [7] [8] [17] . Although models have presented generalized underestimation, the REGCM4 regional simulations for the current climate rainfall patterns showed improvements on spatial representation and intensity of the rainfall in comparison with the MPI global model results.
We reported the projections of future climate taking into account the correction of simulated rainfall by the values of the biases found in each respective seasonal rainfall regimes. Thus we avoid partially the problem of uncertainty in models concerning the systematic errors, so that the results are expressed by percentage changes of the near-future (2015/2037) relative to the present (1990/2012) climate patterns.
For the region of the EFC railroad in eastern Amazon, the projections indicate a weak decrease of around −15% of the rainfall in the rainy season (January to May), however during the dry season (June to October ) are expected drastic reductions between −70% and −90% in south (Carajás in Pará state) and north (São Luis in Maranhão state) sectors. These drier conditions may probably aggravate the events of fire associated with prolonged periods of drought with low humidity and high air temperature during the second semester of the year. Conversely, for the region of EFVM railroad in southeast Brazil, model projections point out for an increased rainfall regime during the rainy season (October to February) around +30% to +40% in the east part of the region over the Espírito Santo state. These changes can probably result in amplification of the floods with landslides in mountainous areas due prolonged periods of rainfall. These findings are consistent with long-term climate projections for the different Brazilian regions reported by [5] [18] .
The results here presented are promising in indicating that regional climate modeling is a powerful tool for improving the scientific knowledge on tropical climate and also to expand our capacity to generate products applied to the specific interests of the productive sectors. These climate informations are relevant for VALE in is-sue of long-term planning particularly in operating activities along the EFC and EFVM railroads regions.
